POVERTY DYNAMICS AND VULNERABILITY: MEXICO 2006-2010
1 .
1.-Introduction
In this paper we apply Lanjouw, Luoto and Mckenzie's (2011) methodology to estimate movements out or into poverty in Mexico during 2006-2010. This will allow us to evaluate poverty and vulnerability dynamics, and to identify main factors that are correlated to the different households' trajectories. A similar analysis for the 2008-2010 periods was done previously in Franco (2011) , work that we extend here.
2.-Poverty measurement in Mexico.
In Mexico, poverty is officially defined in the following way: "A person is considered to be multidimensional poor when the exercise of at least one of her social rights is not guaranteed and if she also has an income that is insufficient to buy the goods and services required to fully satisfy her needs." (CONEVAL, 2009 ).
We follow here CONEVAL´s presentation, which states that poverty measurement methodology should address two problems: the identification of poor people and the aggregation of poor people into a summary measure. CONEVAL´s methodology approaches these problems in three stages. The first identifies if a person is socially deprived, that is, if she is deprived in any of the following six indicators: educational gap, access to health services, access to social security, quality and spaces of the dwelling, access to basic services in the dwelling and access to food. In the second stage, CONEVAL identifies whether or not that person's income is sufficient to afford the cost of a given basket of goods and services. Finally, a person is identified as multidimensional poor if she is socially deprived in at least one her social rights and her income is below the income threshold.
1 The paper benefited from comments received from Susan Parker, participants at UNDP-CIDE´s seminar in CONEVAL establishes two wellbeing thresholds to identify the population that does not have sufficient resources to acquire the necessary goods and services to satisfy its needs. The first is composed by a food as well as a non-food basket and is called the Economic Wellbeing
Line (denoted by EWL). The second threshold is the monetary equivalent of a food-only basket, and is called the Minimum Wellbeing Line (denoted by MWL), which corresponds to a minimum income to ensure adequate nutrition. On the other hand, there are two steps to identify deprivation in the space of social rights: 1 st , identification of deprivation for specific indicators.
For each of the six social indicators a dichotomous variable is generated that makes it possible to determine whether a person is deprived in the corresponding dimension. Each one of these indicators takes the value one when an individual is deprived, and zero otherwise. According to the definition of multidimensional poverty, it is necessary to consider simultaneously both dimensions in order to identify the multidimensional poor population (see Figure 1 ). Figure 1 also shows two additional categories that assess vulnerability. People not having deprivation in social rights but whose income level below the EWL, or, conversely, people whose income level is above the EWL bur experience deprivation in at least on social dimension are considered to be income-vulnerable or access to social rights-vulnerable, respectively. The forth group is comprised by that part of the population that is neither poor nor vulnerable. Note: C=1 is the Deprivation Threshold, which indicates that the individual experiences deprivation in at least one of her social rights. 
3.-Poverty transition matrices
Vulnerability to poverty dynamics can be expressed through a transition matrix, in which rows indicate poverty condition in year t=1 and columns poverty conditions in t=2.
Table1. Poverty transition matrix

Poverty Status in t=2 Poverty Status in t=1
Poor Non-Poor Total Poor T pp T pn P 1 Non-Poor T np T nn 1-P 1 TOTAL P 2 1-P 2 1 Source: author's elaboration. Table 1 shows a transition matrix for the initial period (t=1,t1 from no own) and the final period (t=2, t2 from now on). T pp , T pn ,T np y T nn , are elements that show poverty transitions, where pp indicates that the people (or the household) were in poverty in both periods, nn indicates out of poverty in both periods, pn poverty to non-poverty transition, and np non poverty to poverty transition). P 0 and P 1 represent poverty incidence in t=1 and t=2, respectively. The matrix can be adapted to any definition of poverty and/or vulnerability defined by CONEVAL.
4.-Methodology.
This research seeks to explain intra-generational mobility by means of estimating a transition matrix for poverty and vulnerability to poverty. It uses cross section data coming from household surveys for years 2006, 2008 and 2010 comprised by a set of time-fixed variables, such as religion, ethnicity, and some household head related characteristics, such as age, sex, and education. Considering these variables, the linear projection of income in Et 1 , that is 1 on 1 , is given by:
In a similar way, we define 2 as a vector of households' characteristics in t 2 that are observed in Et1 and in Et 2 . The linear projection of income in t 2 , is given by
In Mexico, the income vulnerability threshold is given by the official Economic
Wellbeing Line (EWL), which is a poverty line that includes, besides food expenditures, also expenditures on cloths, transportation, and health. We need to take also into consideration six social rights as indicated by the multidimensional characteristics of poverty measures in Mexico.
We denote this with 1 , a vector of 6 dycothomic variables, each one taking value 1 when a person is deprived of that given right, and 0 otherwise. If the trace of 2 and 2 is equal or greater than 1, this is an indication that the person is vulnerable in social rights in t 2 . That is, as en example, an expression like equation 3 below allows us to estimate what proportion of the population is multidimensional poor in t 2 , that is, deprived of at least one social right and with an 2 We follow Lanjouw, Luoto y Mckenzie's presentation, which is modified to incorporate multidimensional poverty measures.
income below WEL--indicated here by z, but that in t 1 was not income vulnerable, which is indicated by the condition yi1>z.
Pr( 1 > , ( 2 2 ) ≥ 1| 2 < , ( 2 2 ) ≥ 1 )
Other trajectories could also be estimated. For instance, equation 4 allows to estimate what proportion of the population that was income vulnerable in t 1 (indicated by yi1<z) was not in multidimensional poverty in t 2 (indicate by two conditions> yi2>z and no social deprivations in t2)
Pr( 1 < , ( 2 2 ) < 1| 2 > , ( 2 2 ) < 1 )
Equation (4) can be rewritten as:
Equation (5) shows that the transition probability depends on the joint distribution of 1 2 , which captures the correlation of those parts of y1 and y2 not explained by the variables contained in vectors x1 and x2. Mobility would be greater the lower the correlation between 1 2 . Extreme cases will be given by situations where 1 2 are either orthogonal to each other or have correlation equals to one.
When panel data are not available, we are not able to observe y i1 and y i2 for the same household. Nonetheless, transitions can be estimated by means of a pseudo panel data approach.
Under the assumption that the underlying population in Et1 y Et2 is the same, and that the 1 2 correlation is not negative, Lanjouw, Luoto and Mckenzie (2011) show the validity of the following theorem for the case of poverty being measured as FGT0: Theorem 1.When there is no correlation between 1 2 , that is , when ( 1 , 2 ) = 0, the upper level limit for transitions out of poverty between t1 and t2 is given by:
In turn, the upper level limit for transitions into poverty between t1 and t2 is given by:
( 1 2 > jointly with 2 < ) = Pr( 1 > − 1 ′ 2 ) Pr( 2 < − 2 ′ 2 ) (7)
In these formulations 1 2 = 1 ′ 2 + 1 with the supra index2 indicating that the estimated income for t1 is coming from Et2 households: 1 ′ are coming from estimates done in t1whereas the x´s are from t2). In turn, supra indexU indicates that this is the upper limit for the estimations.
The lower limit for those situations in which there are no changes in poverty status for those households that were out of poverty in t1 and t2 is given by:
( 1 2 > ℎ 2 > ) = Pr( 2 > ) − Pr� 1 2 < ℎ 2 > � (8)
For those households that were in poverty in both periods the following expression holds:
( 1 2 < jointly with 2 < ) = Pr( 2 < ) − Pr� 1 2 > ℎ 2 < � (9) Theorem 2.The lower limit for mobility for those in a poverty situation happens when
( 1 , 2 ) = 1. This implies that lower limit estimates--indicated by the supra index L--are given by:
( 1 2 < jointly with 2 > ) = Pr( 2 < − 1 ′ 2 ) − Pr( 2 < − 2 ′ 2 ) (10)
For movements out of poverty, whereas for movements into poverty we have:
In turn, the upper limit for those situations in which there are no changes in poverty status for those households that are out of poverty in t1 and in t2 is given by
whereas for those households that are in poverty situation in both periods we have:
Lanjouw, Luoto y Mckenzie's (2001) approach indicates the following steps to obtain the estimates:
Step 1: Using Et 1 , we regress 1 1 on 1 1 , where the supra index 1 indicates that we only use Et 1 data. With OLS we estimate 1 , and obtain ̂1 and 1
The residual is here given by:
Step 2: We obtain ̂1 2 by taking a random sample with replacement of the ̂1 distribution.We estimate income for household i of Et 2 using ̂1 from Step 1 above and adding ̂1 2 1 2
Step 3: We estimate (6),(7),(8) y (9) using 1 2 � from step 2.
Paso 4:
Steps 2 and 3 are done R times and the average values of these R replications are taken for (6),(7),(8) y (9) to obtain the upper limit of actual transitions (and thus, lower limit for the case of no-mobility situations). In our empirical part, we use R=100 3 .
For lower limits estimations for transitions to and from poverty (and, thus, upper limits for nochange situations where the individual remains in poverty--or no-poverty--in both periods), Lanjouw et al. (2011) indicate the following steps
Step 1: Using Et1 data, estimate (1) and obtain ̂1 . Estimate (2) and obtain ̂2
Step 2: Using Et2 data, ̂1 and ̂2 estimate income level in t1 for each household in t2 as follows:
Step 3: Estimate expressions (10), (11), (12) and (13) using � 1 2 from Step 2.
For upper limit estimates, use the true predicted errors for each household, which makes unnecessary to do any further calculations.
So far for the original Lanjouw et al. approach. For the Mexican case, we need to extend those calculations in order to consider the multidimensional approach used to measure poverty.
As indicated above, we need to introduce the ���⃗ vector following examples shown in equations (3) y (4). Instead of extending their method to calculate deprivations in social rights, we consider here situations where ���⃗ remains fixed to the level of a given year. In our empirical application we maintain ���⃗ characteristics at their 2008 levels.
For instance, for the case of people that were vulnerable for social rights in t2, with an income level in t1 below the WEL we have:
For the case of those people that were multidimensional poor in t2, with an income level in t1 above the WEL we have:
Thus, we fix social rights deprivation in a given year, say t2, and then use income projections on t1 using t2 as a pivot.
5.-Reliability of estimates and robustness analysis
As indicate above, there are necessary conditions to achieve consistent estimates, which due to space limitations we only briefly summarize here a) Populations analyzed in Et 1 and Et 2 should be the same. This condition is satisfied in our case since we use household surveys that have the same methodology (ENIGHs 2006 (ENIGHs , 2008 (ENIGHs and 2010 b) 1 should be independent of 2 . This condition is not fulfilled under the following circumstances:
• If the error term contains and individual fixed effect. In this case, households with an income above(below) than that predicted on observed variables in t 1 , will also have an income above(below) than the predicted income in t 2 . This fixed effect tends to reduce the probability of change in poverty status. If we do not consider these fixed effects, we can overestimate changes.
• The second case shows up when there are non-transitory income shocks. 
Poverty indicators 2006 -2010
According to CONEVAL, by 2006 food-poverty levels were 13.8%, 20.7% for capacitypoverty and 42.6% for patrimony-poverty (see Table 2a) . Tables 2b and 2c shows multidimensional poverty estimates for 2008 y 2010. 
Changes in social deprivation and income indicators
Between 2008 and 2010, only the indicator that follows population´s access to food increased, while deprivation of access to all the other social rights decreased (see Table 3 ). In the same period, the percentage of population with income below WEL and MWL increased from 49% increased to 52% and from 16.7% a 19.4%, respectively. In their five validation studies with actual panel data, Lanjouw and collaborators found that actual numbers from panel data were closer to the upper level estimates from pseudo panels.
Thus, to easy the presentation, in the following text we use these estimates as our preferred ones.
Nonetheless, all tables present also lower limit estimates. Table 4 shows the three alternative models used to estimate log of income. The main difference among these models is the criterion to include or exclude variables. In "Model 1" we use variables in such a way to maximize the adjusted R-squared of the regression, without considering if their means were the same across the years . 5 In "Model 2", we also wanted to maximize adjusted R-squared but we used an iterative process in order to keep only those variables that were statistically significant at 5%. In "Model 3" we have used only those variables whose means were statistically the same across the three years. Although we present poverty transitions from these three models, to easy the presentation, in the text we only describe those coming from our preferred model ("Model 1")
The dependent variable is the log of income per capita at August 2008 prices. We follow CONEVAL and use its adult equivalency scale. 
Continues
Sink in the dwelling==1
The house belong to someone in the household or is being paid==1
Has a toilet==1
Shower in the dwelling==1
Water deposit in the dwelling==1
Water pump in the dwelling==1
Gas tank in the dwelling==1
Air conditioning in the dwelling==1
Heating system in the dwelling==1
Water tank in the roof==1
Underground cistern in the dwelling==1
Bolier in the dwelling==1
Dwellings with a high value of the economic dependency ratio==1 At least one member has a mobile phone==1
Cable TV in the household==1
Internet service in the household==1
Refrigerator==1
Washing machine==1 2 Ratio of the number of members with 0 to 12 and 65 years old or more with respect to the total number of persons in the dwelling. 3 Households with age dependency ratio of 30 percent or greater. 4 Ratio of the number of members with a job with respect to the total number of persons in the dwelling. 5 Households with economic dependency ratio of 1/3 or greater.
Toaster==1
Computer==1
Car or automobile==1 DVD player==1
Blender machine==1 Infants Mortality Rate (a nivel municipal)
Microwave==1
Gas or electric stove==1
Vacuum cleaner==1 Video game console==1
15,000 to 99,999 inhabitants 2,500 to 14,999 inhabitants
Less than 2,500 inhabitants
Percentage of population without social security at the municipality level ( Table 5 shows each one of the estimated models altering a bit Lanjouw´s notation to make it more intuitive. ), to the linear projection we added the 2008 households´ residuals (assuming correlation equals to 1 between both years). We estimated
, following similar procedures. With base on the estimated income that a given households from period "a" had in period "b", identified as � � in Table 5 , to assess multidimensional poverty we considered as fixed the lack of access to social rights in year "a" in each estimation. Thus, to estimate 2006-2008 transitions, lack of access to social rights was that of 2008 (first block of rows in Table 5 ). For 2010-2008 transitions, lack of access to social rights was that of 2010 (second block of rows in Table 5 ). Finally, for 2008-2010 transitions, lack of access to social rights was that of (third block of rows in Table 5 ).
7.-Results
1 Poverty incidence and poverty dynamics
As indicated above, we estimate three different income models, which turned out in similar results. Graph 4 shows log of income distribution for the three years and their upper and lower limit estimates. Model 3 Observed Table 7 shows poverty incidence as well as multidimensional poverty estimates for years 2008 and 2010. As indicated above, we anchored our estimates for social rights deprivation in a given year and analyze the impact of income changes over all households´ type. Thus, for instance, column 7 of Table 7 shows the lower limit of poverty incidence after considering the imputed income for 2008 to those households with lack of access to at least one social right in 2010 (first row in the table), or with deprivation in at least 3 social rights (third row in the table).
These percentages were 45.3 % and 9.6% respectively. By the same token, the last column in the Table 8 shows the transition matrixes for years 2006-2008, 2008-2010 and 2010-2008. Following the upper limit estimates, it can be seen that about 75% of the population was found to be in the no-change situation: inTpp (population in chronic poverty) between 27.2% and 32.2%) or in Tnn (population in the no-poverty status in both years), between 42.3% and 47.1%). In turn, the remaining 25% of the population were either in a process of leaving poverty (Tpn, 9.9% and 12%) or in a process of entering poverty (Tnp, 11.9% and 15%).
It is possible to refine the analysis by identifying main characteristics for the population in the different trajectories. The full set of results is presented in Table A2 .1 from the Appendix. show that, even though lack of access to social rights are bigger in all cases for the population in chronic poverty, percentages are markedly different when comparing the population out of poverty in all years with the remaining three categories. This is another indication of how polarized the Mexican society is. The greater distances can be observed in access to social security (negative distance of 44 percentage points between the population out-of-poverty and the average of the other three categories), while housing quality and access to housing services seem to be the social rights with the smaller relative distances between these two groups (negative distance of about 20 percentage points). All these differences were statistically significants. Poor, Non-poor 2 1 Population in multidimensional poverty both at the base year and at the estimated year, also called "Chronically poor".
2 Population in multidimensional poverty at the base year, but non-poor at the estimated year, also called "Ascending".
3 Population not in multidimensional poverty at the base year, but poor at the estimated year, also called "Descending". 4 Population not in multidimensional poverty neither at the base year nor at the estimated year, also called "Sustainable non-poor". Non-poor, Non-poor Source: authors' elaboration using data presented in Table A2 .1. Source: authors' elaboration using data presented in Table A2 .1. Moreover, differences of mean access to social rights were statistically different for all groups and variables. To assess main differences between the Tpn and the Tnp groups, Graph 6
shows that while Tpn has less access to education and more access to health, social security and food (between 6.2% and 12.3% according to what year and social rights are being considered) both groups have similar access to rights linked to living conditions. Source: authors' elaboration using data presented in Table A2 .1. Source: authors' elaboration using data presented in Table A2 .1. As a way of a summary for this section, we can say that the Tnn group has very different access to social rights than the other three groups of the populations (Tnp, Tpn, and Tpp). Main differences between Tpn y Tnp are in health, social security and food. Importantly for our analysis, while Tpn group has more favorable indicators than Tpp, the Tnp group is closer to Tpp in the lack of access to health and social security. These facts are consistent with the hypothesis that it is the lack of a minimum safety net what pushes part of the society into poverty after income or health shocks. Moreover, access to health and social security seem to have been key factors for moving out of poverty. Source: authors' elaboration using data presented in Table A2 .1. 6 Tables A2.4, A2.5 y A2.6 in the Appendix show the full set of comparisons. Source: authors' elaboration using data presented in Table 8 . We run similar models for years 2000-2002, 2002-2004, and 2004-2006, but Source: authors' elaboration using data presented in Table A2 .7. Source: authors' elaboration using data presented in Table A2 .7. be in a no-change situation: about 30% in a situation of chronic poverty (Tpp), whereas about 45% in a sustainable non-poverty situation (Tnn). The remaining 25% was divided more or less equally into a group moving out of poverty (Tpn) and a group moving into poverty (Tnp).
Main characteristics for each group
Main socio-demographic characteristics of groups Tpp and Tnn were in an statistical as well as in an economics sense, markedly different. On the contrary, Tpn and Tnp groups ended up being very similar, the main difference being their access to health and social security Source: authors' elaboration using data presented in Table A2 .7. Results were robust to different specifications used. Social policy can diminish vulnerability to poverty by providing a minimum level of a safety net in terms of access to health and social security.
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Educational gap
For people aged three to fifteen years old. When they lack mandatory basic education and are not attending a formal educational center.
For people born before 1982. If they do not meet the minimum mandatory basic education level that prevailed at the time they should have attended elementary school.
For people born from 1982 onwards. If they have not completed the minimum current mandatory basic education requirement (secondary school).
Access to health services
A person is considered to be deprived of access to health services when she is not enrolled in or entitled to receive medical services from any institution offering them, including the Seguro Popular, from any social security public institute or from private medical services.
Access to social security
The population deprived of access to social security is defined using the following criteria:
For those who are economically active, it is considered that they are not deprived in this dimension if, through their job, they enjoy the benefits established in the law.
For non-paid workers and for self-employed, given the voluntary nature of enrollment in the system, they are considered to have access to social security when they receive medical services as a job benefit or when they are actually voluntarily enrolled and when, in addition, they bear a retirement investment plan.
For the general population, people are considered to have access when they benefit from a retirement program or pension or when one of their relatives has access to social security. In the case of people in retirement ages (sixty five years or older), people are considered to have access to social security if they benefit from a social pension program for senior citizens.
The population not meeting any of the above criteria is considered deprived due to access to social security.
Quality and spaces of the dwelling
If the dwelling has dirt floor.
If the roof of the dwelling is made of cardboard sheets or waste.
If the walls of the dwelling are made of mud or daub and wattle; reed, bamboo or palm tree;
cardboard, metal or asbestos sheets; or waste.
The ratio of people per room is greater than 2.5 (overcrowding).
Access to basic services in the dwelling
Water is obtained from a well, river, lake, stream, or truck; or, piped water is carried from another dwelling or gotten at a public faucet or hydrant.
There is no drainage service, or the drainage is connected to pipes leading to a river, lake, sea, ravine or crack.
There is no electricity.
Wood or coal with no chimney are used for cooking or heating food inside the dwelling.
Access to food
The scale recognizes four possible levels of food insecurity: severe food insecurity, moderate food insecurity, mild food insecurity and food security. For poverty measurement purposes, CONEVAL considers that a person is deprived due to lack of access to food when she presents moderate or severe food insecurity.
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Annex 2:Additional tables. Population not in multidimensional poverty at the base year, but poor at the estimated year, also called "Descending". 4 Population not in multidimensional poverty neither at the base year nor at the estimated year, also called "Sustainable non-poor".
Notes: Standard errors shown in percentages.
Source: author's elaboration using the Encuesta Nacional de Ingresos y Gastos de los Hogares 2006 Hogares , 2008 Hogares and 2010 Basic services
Food security a Upper bound estimates are obtained using a random selection of the target year residuals for each household in the base year, for example from 2006 residuals to 2008 households.
1 Population in multidimensional poverty both at the base year and at the estimated year, also called "Chronically poor".
2 Population in multidimensional poverty at the base year, but non-poor at the estimated year, also called "Ascending". 1 Population in multidimensional poverty both at the base year and at the estimated year, also called "Chronically poor".
3 Population not in multidimensional poverty at the base year, but poor at the estimated year, also called "Descending". 4 Population not in multidimensional poverty neither at the base year nor at the estimated year, also called "Sustainable non-poor".
Child mortality rate at the municipal level Source: author's elaboration using the Encuesta Nacional de Ingresos y Gastos de los Hogares 2006 Hogares , 2008 Hogares and 2010 Percentahe of households with internet access 1 Population in multidimensional poverty both at the base year and at the estimated year, also called "Chronically poor".
Upper bound a
3 Population not in multidimensional poverty at the base year, but poor at the estimated year, also called "Descending". 4 Population not in multidimensional poverty neither at the base year nor at the estimated year, also called "Sustainable non-poor". 1 Population in multidimensional poverty both at the base year and at the estimated year, also called "Chronically poor".
3 Population not in multidimensional poverty at the base year, but poor at the estimated year, also called "Descending". 4 Population not in multidimensional poverty neither at the base year nor at the estimated year, also called "Sustainable non-poor". Non-poor, Non-poor 4 1 Population in multidimensional poverty both at the base year and at the estimated year, also called "Chronically poor".
3 Population not in multidimensional poverty at the base year, but poor at the estimated year, also called "Descending". 4 Population not in multidimensional poverty neither at the base year nor at the estimated year, also called "Sustainable non-poor". 
